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(57) ABSTRACT

Disclosed is an operating position changeable loading appa-
ratus with multi-axis joint movement used on machining
center. The apparatus consists of a load-receiving test piece
and a load-exerting component. Moving the load-exerting
component and the load-receiving test piece to a preset load-
ing position according to a multi-axis joint movement, with
the displacement value measured by displacement sensors
and the amount of simulated load measured by a force sensor
of the loaded-exerting component, a stiffness of the load-
exertion position under a simulated load can be derived.
Changing the load-exertion position, repeating in sequence
the previous steps, a stiftness distribution under the simulated
load can be derived.
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1
MULTI-AXLE JOINT SHIFTING LOADING
APPARATUS FOR PROCESSING CENTER
AND DETECTION METHOD FOR STATIC
STIFFNESS DISTRIBUTION

TECHNICAL FIELD

The present invention belongs to a detection technology for
simulating static stiffness of numerical controlling machine
tools under loads at different positions in a working space,
and more particularly relates to a multi-axle joint shifting
loading apparatus for a processing center and a detection
method for a static stiffness distribution.

BACKGROUND ART

In a working space of a machine tool, the magnitude of
loads (including force and moment) and loading positions of
members of the machine tool vary as the position of the
machining point varies, so that a static stiffness distribution of
the machine tool changes. The change in static stiffness at
different machining positions may be described by a stiffness
distribution. The magnitude of the static stiftness and the
static stiffness distribution influence the machining precision
directly (especially the stiffness distribution influences the
shape precision of the machining surface directly), and influ-
ence the vibration characteristics of the machine tool at the
same time.

In a design stage, the static stiffness and the static stiffness
distribution of a design scheme may be predicted using an
analysis method, and then the design scheme is revised
according to the predicted results so that the stiffhess and the
stiffness distribution are improved.

One of the purposes of the static stiffness detection test for
the numerical control machine tool is to provide data for
evaluating the static stiffness of the machine tool, and the
another one is to check and verify the correctness of the
predicting method for the static stiffness and static stiffness
distribution and the scheme revising method, so as to provide
experimental means for researching and improving the pre-
diction and the scheme revising method.

Regarding multi-axle joint numerical machine tools, vari-
ous numerical machine tools have different principles for
forming machining surface and different movement functions
of servo axles of their feeding system, as well as different
joint relations and numbers of joint axles for maintaining a
strict movement relationship among numerical axles; loads
carried by various multi-axle joint numerical machine tools
have different properties, and various multi-axle joint
numerical machine tools have different load changing rules at
various machining positions, and different ratios among loads
in respective directions. Therefore, loads simulation appara-
tuses and their corresponding detecting methods are different
from one another for various multi-axle joint numerical con-
trol machine tools. For example, a 5-axle processing center
having three linear movements in Z axle, Y axle and X axle,
and two rotation movements around C axle and A axle, may
machine various kinds of complex surfaces by the joint move-
ment of the Z axle, Y axle, X axle C axle and A axle. In the
actual machining, forces in three directions are applied to a
machining point, and a load from a worktable is transmitted
through the workpiece, and the worktable will carry six cut-
ting loads (three forces Fx, Fy and Fz and three moments Mx,
My and Mz); meanwhile, the main axle will also carry six
cutting loads.

In a machine tool static stiffness test, cutting loads are
replaced by simulation loads. The processing center static
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stiffness detection apparatus and the detecting method avail-
able both in China and abroad can only detect the static
stiffness at one determined position, and cannot detect the
static stiffness distribution. The 5-axle processing center may
machine various kinds of complex surfaces through a joint
movement of the 7Z axle, Y axle, X axle C axle and A axle, the
position of a point to be machined varies during machining,
and accordingly the positions of the members on Z axle, Y
axle, X axle C axle and A axle vary, so that both the static
stiffness at the main axle side and that at the worktable side
change as the position of a machined point on a workpiece
varies. The change in stiffness influences the shape precision
of' a machining surface directly, and thus it is necessary to
detect the static stiffness distribution of a processing center.
The processing center static stifthess detection apparatuses
and detecting methods both in China and abroad cannot apply
six simulation loads to the main axle. Therefore the cutting
load cannot be fully simulated at the main axle side. The
worktable and the main axle carry a load and an anti-load,
respectively, so that the cutting load at the worktable side
cannot be fully simulated, though six simulation loads can be
applied at this side. In the machine tool static stiffness test, the
cutting loads are replaced by the simulation loads, simulation
forces in three directions are applied to a loading point, and it
is desired that both the main axle side and the worktable side
of the processing center can endure six simulation loads for
fully simulating six simulation loads of the cutting loads.

DISCLOSURE OF INVENTION
Technical Problems

One object of the present invention is to provide a multi-
axle joint shifting loading apparatus for a processing center to
solve the technical problem that the existing processing cen-
ter static stiffness detection apparatuses can only detect the
static stiffness at one determined point, but cannot detect the
static stiftness distribution, nor can they fully simulate the
cutting loads.

The other object of the present invention is to provide a
method for detecting the static stiffness distribution using the
above multi-axle joint shifting loading apparatus.

Technical Solution

The technical solution adopted by the present invention is
a multi-axle joint shifting loading apparatus for a processing
center which includes a load-receiving test piece and a load-
exerting component for simulating loading; the load-receiv-
ing test piece is provided with a load-receiving surface
thereon; the load-exerting component includes a steel ball, a
cap, a ball socket, a bent board, a force sensor and a connec-
tion component A; one end of the ball socket is fixedly con-
nected with the cap, the steel ball is embedded in the cap and
the ball socket, and a part of the steel ball is at the outside of
the cap; and the other end of the ball socket is fixedly con-
nected with one end of the bent board, the other end of the
bent board is fixedly connected with one end of the force
sensor, and the other end of the force sensor is fixedly con-
nected with the connection component A.

Wherein, the connection component A is further provided
with a connection component B; the connection component A
has a cylindrical shape, the connection component B is com-
posed of a left connection member and a right connection
member; each of the left connection member and the right
connection member includes a horizontal bar disposed hori-
zontally and a vertical bar disposed on the horizontal bar and
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being perpendicular to the horizontal bar; both the left con-
nection member and the right connection member are fixed on
the connection component A, and are formed as a symmetri-
cal structure with a central line of the connection component
A as a symmetry line.

In addition, the load-receiving surface of the load-receiv-
ing test piece is in any shape.

Furthermore, the multi-axle joint shifting loading appara-
tus is used for various kinds of a turning-milling composite
processing center, an upright processing center or a horizon-
tal processing center.

Another technical solution adopted by the present inven-
tion is: when the shifting loading apparatus is used for a
turning-milling composite processing center to detect the
static stiffness distribution, the shifting loading apparatus is
configured as follows: the apparatus includes a load-receiving
test piece and a load-exerting component for simulating load-
ing; the load-receiving test piece is provided with a load-
receiving surface thereon; the load-exerting component
includes a steel ball, a cap, a ball socket, a bent board, a force
sensor and a connection component A; one end of the ball
socket is fixedly connected with the cap, the steel ball is
embedded in the cap and the ball socket, and a part of the steel
ball is at the outside of the cap; and the other end of the ball
socketis fixedly connected with one end of the bent board, the
other end of the bent board is fixedly connected with one end
of the force sensor, and the other end of the force sensor is
fixedly connected with the connection component A, wherein
the steps for detecting static stiftness distribution using the
apparatus are as follows:

firstly, the connection component A of the load-exerting
component is fixedly connecting with the tool shank, wherein
the tool shank is tensioned in a taper hole in an main axle, and
the main axle is positioned; the load-receiving test piece is
then mounted on a worktable; displacement sensors are
mounted on the main axle, a main axle housing and the
worktable, respectively; then the load-exerting component
and the load-receiving test piece are moved to a preset first
loading position through a joint movement of multiple axles
and a normal of the load-receiving surface of the load-receiv-
ing test piece is disposed to be consistent with an axis [ of the
ball socket; the load-exerting component applies a simulation
load to the load-receiving point on the load-receiving surface
of the load-receiving test piece through fine adjustments to a
joint movement of the multiple axles; stiffness under the
simulated load at the loading position can be obtained from
the displacement detected by the displacement sensors and
the simulation load detected by the force sensor of the load-
exerting component; then the load-exerting component and
the load-receiving test piece are moved to a next loading
position through the joint movement of the multiple axles and
a normal of the load-receiving surface of the load-receiving
test piece is adjusted to be consistent with the axis L of the ball
socket, so that the stiffness at the next loading position is
detected after changing the loading position through a multi-
axle joint movement; and the above procedures are repeated
s0 as to obtain the stiffness at different loading positions to
obtain the stiffness distribution of the turning-milling com-
posite processing center under the simulation load.

Another technical solution adopted by the present inven-
tion is: when the shifting loading apparatus is used for an
upright processing center or a horizontal processing center to
detect the static stiffness distribution, the shifting loading
apparatus is configured as follows: the apparatus includes a
load-receiving test piece and a load-exerting component for
simulating loading; the load-receiving test piece is provided
with a load-receiving surface thereon; the load-exerting com-
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ponent includes a steel ball, a cap, a ball socket, a bent board,
a force sensor and a connection component A; one end of the
ball socket is fixedly connected with the cap, the steel ball is
embedded in the cap and the ball socket, and a part of the steel
ball is at the outside of the cap; and the other end of the ball
socket is fixedly connected with one end of the bent board, the
other end of the bent board is fixedly connected with one end
of the force sensor, and the other end of the force sensor is
fixedly connected with the connection component A; the con-
nection component A is further provided with a connection
component B; the connection component A has a cylindrical
shape, the connection component B is composed of a left
connection member and a right connection member; each of
the left connection member and the right connection member
includes a horizontal bar disposed horizontally and a vertical
bar disposed on the horizontal bar and being perpendicular to
the horizontal bar; both the left connection member and the
right connection member are fixed on the connection compo-
nent A, and are formed as a symmetrical structure with a
central line of the connection component A as a symmetry
line, wherein the steps for detecting static stiffness distribu-
tion using the apparatus are as follows:

firstly, the connection component A of the load-exerting
component is fixedly connecting with the tool shank, wherein
the tool shank is tensioned in a taper hole in an main axle, and
the connection component B disposed on the connection
component A is connected with the a main axle housing
through the vertical bar; the load-receiving test piece is then
mounted on a worktable; displacement sensors are mounted
on the main axle, the main axle housing and the worktable,
respectively; then the load-exerting component and the load-
receiving test piece are moved to a preset first loading position
through a joint movement of multiple axles and a normal of
the load-receiving surface of the load-receiving test piece is
disposed to be consistent with an axis L. of the ball socket; the
load-exerting component applies a simulation load to the
load-receiving point on the load-receiving surface of the load-
receiving test piece through fine adjustments to a joint move-
ment of the multiple axles; stiffness under the simulated load
at the loading position can be obtained from the displacement
detected by the displacement sensors and the simulation load
detected by the force sensor of the load-exerting component;
then the load-exerting component and the load-receiving test
piece are moved to a next loading position through the joint
movement of the multiple axles and a normal of the load-
receiving surface ofthe load-receiving test piece is adjusted to
be consistent with the axis L of the ball socket, so that the
stiffness at the next loading position is detected after chang-
ing the loading position through a multi-axle joint movement;
and the above procedures are repeated so as to obtain the
stiffness at different loading positions to obtain the stiffness
distribution of the upright processing center or the horizontal
processing center under the simulation load.

Advantageous Effect

The advantageous effects of the present invention are: full
loads (including force and moment) for simulation can be
applied; the static stiffness distribution of a processing center
can be detected by changing the loading position through a
multi-axle joint movement; and various processing surface
shapes of load-receiving test can be designed by designing
and adjusting/changing the direction of ball socket axis of the
load-exerting component, so that experimental requirements
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can be satisfied for different ratios of simulation loads and
different number of joint axles (varying from 3 axles to 5
axles).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of movement functions of a
typical 5-axle joint processing center;

FIG. 2 is a schematic view of a multi-axle joint shifting
loading apparatus and installation and connection thereof
according to the present invention;

FIG. 3 is a structural schematic view of a load-exerting
component of the multi-axle joint shifting loading apparatus
according to the present invention;

FIG. 4 is a structural schematic view of the multi-axle joint
shifting loading apparatus according to a first embodiment of
the present invention;

FIG. 5 is a structural schematic view of the multi-axle joint
shifting loading apparatus according to a second embodiment
of the present invention,

wherein, the reference numbers are as follows: 1, load-
receiving test piece; 2, load-exerting component; 3, work-
table; 4, tool shank; 5, main axle; 6, main axle housing; 2-1,
steel ball; 2-2, cap; 2-3, ball socket; 2-4, bent board; 2-5, force
sensor; 2-6 connection component A; 2-7, connection com-
ponent B; 2-7-1, horizontal bar; 2-7-2, vertical bar; 7, main
axle part; 8, A axle part; 9, Z axle part; 10, X axle part; 11,
pillar beam part; 12, C axle part; 13,Y axle part; 14, machine
body part; L, axis of ball socket.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made in detail to the embodiments
of'the present invention, taken in conjunction with the accom-
panying drawings and the detailed embodiments.

FIG. 1 shows a 5-axle processing center having three linear
movements in 7 axle, Y axle and X axle and two slewing
movements about C axle and A axle, wherein the 5-axle
processing center is mainly composed of a main axle part 7,
an A axle part 8, a Z axle part 9, a X axle part 0, a pillar beam
part 11, a Caxle part 12, aY axle part 13, a machine body part
14 and a worktable 3; n indicates the main axle slewing
movement which is a cutting movement and does not join in
the movement joint; the main axle 5 and the worktable 3
operate as end executors for carrying objects; the main axle
part 7 includes a tool shank 4, a main axle 5 and a main axle
housing 6 (as shown in FIG. 2); the tool shank 4 side imple-
ments A axle movement, Z movement and X axle movement,
the workpiece is mounted on the worktable 3 and the work-
piece side implements Y axle movement and C axle move-
ment.

As shown in FIG. 2, the present invention provides a pro-
cessing center multi-axle joint shifting loading apparatus,
which includes a load-receiving test piece and a load-exerting
component 2 for simulating loading; the load-receiving test
piece is provided with a load-receiving surface which may be
designed to be any kind of shapes; as shown in FIGS. 3-5, the
load-exerting component 2 includes a steel ball 2-1,a cap 2-2,
a ball socket 2-3, a bent board 2-4, a force sensor 2-5 and a
connection component A 2-6; one end of the ball socket 3 is
fixedly connected with the cap 2-2, the steel ball is embedded
in the cap 2-2 and the ball socket 2-3, while a part of the steel
ball is at the outside of the cap 2-2; and the other end of the
ball socket 2-3 is fixedly connected with one end of the bent
board 2-4, the other end of the bent board 2-4 is fixedly
connected with one end of the force sensor 2-5, while the
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other end of the force sensor 2-5 is fixedly connected with the
connection component A 2-6. When the shifting loading
apparatus according to the present invention is employed in a
turning-milling composite processing center, the connection
component A 2-6 is fixedly connected with the tool shank 2-4
which is tensioned in a taper hole in the main axle 5. Once the
main axle is positioned to mount the load-receiving test piece
1 on the worktable 3, the detection for the static stiffness
distribution of the processing center can be performed. When
the detection loading apparatus according to the present
invention is employed in various upright processing centers
and horizontal processing centers, based on the shifting load-
ing apparatus shown in FIG. 5, a connection component B 2-7
is further disposed on the connection component A 2-6, and it
is shown in FIGS. 3 and 4 that the connection component A
2-6 has a cylindrical shape and the connection component B
2-7 is composed of a left connection member and a right
connection member; each of the left connection member and
the right connection member is composed of a horizontal bar
2-7-1 disposed horizontally and a vertical bar 2-7-2 disposed
on the horizontal bar 2-7-1 and being perpendicular to the
horizontal bar 2-7-1; both the left connection member and the
right connection member are fixed on the connection compo-
nent A 2-6 through the horizontal bar 2-7-1, and are formed as
a symmetrical structure with a central line of the connection
component A 2-6 as a symmetry line. The connection com-
ponent A 2-6 and the tool shank 4 are fixedly connected, the
tool shank 4 is tensioned in a taper hole in the main axle 5, and
the connection component B 2-7 disposed on the connection
component A 2-6 is connected with the main axle housing 6
through the vertical bar 2-7-2, and once the load-receiving
test piece is mounted on the worktable 3, the detection for the
static stiftness distribution of the processing center can be
performed.

As shown in FIGS. 3, 4 and 5, according to a ratio of the
simulation load, the axis L is designed to form angles c., and
o, relativeto Y axle and Z axle, respectively, the steel ball 2-1
is in point contact with the load-receiving surface of the
load-receiving test piece where the simulation load may be
decomposed into three component forces Fx, Fy and Fz, the
ratios among the forces Fx, Fy and Fz will vary when the
angles o, and o, vary, and the moments Mx, My and Mz
which are equivalent moments from the forces Fx, Fy and Fz
at the worktable and the main axle change as well.

Embodiment 1

When the shifting loading apparatus according to the
present invention is used in a 5-axle joint upright processing
center or a horizontal processing center, the method for
detecting the processing center static stiffness distribution is
as follows: as shown in FIGS. 2 and 4, firstly the connection
component A 2-6 of the load-exerting component 2 is fixedly
connecting with the tool shank 4, wherein the tool shank 4 is
tensioned in the taper hole in the main axle 5, and the con-
nection component B 2-7 disposed on the connection com-
ponent A 2-6 is connected with the main axle housing 6
through the vertical bar 2-7-2; the load-receiving test piece 1
is mounted on the worktable 3; a displacement sensor is
mounted, which may be installed in plural, for example, on
the main axle 5, the main axle housing 6 and the worktable 3;
then the load-exerting component 2 and the load-receiving
test piece 1 are moved to a preset first loading position
through a joint movement of Z axle,Y axle, X axle, C axle and
A axle and a normal on the load-receiving point of the load-
receiving surface of the load-receiving test piece 1 is adjusted
to be consistent with the axis L of the ball socket; the load-
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exerting component 2 applies a simulation load to the load-
receiving point on the load-receiving surface of the load-
receiving test piece through fine adjustments to a joint
movement of the Z axle, Y axle, X axle, C axle and A axle;
stiffness under the simulated load at the loading position can
be obtained from the displacement detected by the displace-
ment sensor and the simulation load detected by the force
sensor 5 of the load-exerting component 2; then the load-
exerting component 2 and the load-receiving test piece are
moved to a next loading position through the joint movement
of 7 axle, Y axle, X axle, C axle and A axle again, and a
normal of the load-receiving surface of the load-receiving test
piece is adjusted to be consistent with the axis L of the ball
socket 3, that is to say, the stiffness at the next loading position
is detected after changing the loading position through a
5-axle joint; and the above procedures are repeated and then
the stiffness distribution under the simulation load can be
obtained.

Embodiment 2

When the shifting loading apparatus according to the
present invention is used in a 5-axle joint turning-milling
composite processing center, the method differs from the first
embodiment in that a position function is utilized when the
main axle performs a turning cutting, and thus the connection
component B 2-7 is not required, wherein the multi-axle joint
shifting loading apparatus is illustrated in FIG. 5, as long as
the connection component A 2-6 and the tool shank 4 are
fixedly connected, the tool shank 4 is tensioned in a taper hole
in the main axle 5, and the load-receiving test piece 1 is
mounted on the worktable 3, the detection method can be
performed. In this case, the method for detecting the static
stiffness distribution of the processing center is the same as
that of the first embodiment, that is to say, the method also
change the loading position through a joint movement of Z
axle, Y axle, X axle, C axle and A axle, the detailed descrip-
tion of which is omitted herein.

Embodiment 3

When the shifting loading apparatus according to the
present invention is used in a 4-axle joint processing center
having X axle, Y axle, Z axle and C axle (that is, the process-
ing center shown in FIG. 1 has no A axle), the load exerting
component 2 is connected to the processing center in the same
manner of the first embodiment with a difference that the
loading position is changed through a joint movement of X
axle, Y axle, Z axle and C axle. The shape of the load-
receiving surface of the load-receiving test piece 1 can be
designed in a rather simple manner.

Among the axles, a slewing axle, an axis of which is par-
allel with X axle is called as A axle; and a slewing axle, an axis
of which is parallel with Y axle is called as B axle, and a
slewing axle, an axis of which is parallel with Z axle is called
as C axle.

The invention claimed is:

1. A multi-axle joint shifting loading apparatus for a pro-
cessing center, being characterized in: the apparatus com-
prises a load-receiving test piece (1) and a load-exerting com-
ponent (2) for simulating loading; the load-receiving test
piece (1) is provided with a load-receiving surface thereon;
the load-exerting component (2) comprises a steel ball (2-1),
a cap (2-2), a ball socket (2-3), a bent board (2-4), a force
sensor (2-5) and a connection component A (2-6); one end of
the ball socket (2-3) is fixedly connected with the cap (2-2),
the steel ball (2-1) is embedded in the cap (2-2) and the ball
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socket (2-3), and a part of the steel ball (2-1) is at the outside
of the cap (2-2); and the other end of the ball socket (2-3) is
fixedly connected with one end of the bent board (2-4), the
other end of the bent board (2-4) is fixedly connected with one
end of the force sensor (2-5), and the other end of the force
sensor (2-5) is fixedly connected with the connection compo-
nent A (2-6).

2. The apparatus according to claim 1, being characterized
in: the connection component A (2-6) is further provided with
a connection component B (2-7); the connection component
A (2-6) has a cylindrical shape, the connection component B
(2-7) is composed of a left connection member and a right
connection member; each of the left connection member and
the right connection member comprises a horizontal bar (2-7-
1) disposed horizontally and a vertical bar (2-7-2) disposed on
the horizontal bar (2-7-1) and being perpendicular to the
horizontal bar (2-7-1); both the left connection member and
the right connection member are fixed on the connection
component A (2-6), and are formed as a symmetrical structure
with a central line of the connection component A (2-6) as a
symmetry line.

3. The apparatus according to claim 1, being characterized
in that the load-receiving surface of the load-receiving test
piece (1) is in any shape.

4. The apparatus according to claim 1, being characterized
in that the multi-axle joint shifting loading apparatus is used
for a turning-milling composite processing center.

5. The apparatus according to claim 2, being characterized
in that the multi-axle joint shifting loading apparatus is used
for an upright processing center or a horizontal processing
center.

6. A method for detecting static stiffness distribution using
amulti-axle joint shifting loading apparatus, being character-
ized in that when the shifting loading apparatus is used for a
turning-milling composite processing center to detect the
static stiffness distribution, the shifting loading apparatus is
configured as follows: the apparatus comprises a load-receiv-
ing test piece (1) and a load-exerting component (2) for simu-
lating loading; the load-receiving test piece (1) is provided
with a load-receiving surface thereon; the load-exerting com-
ponent (2) comprises a steel ball (2-1), a cap (2-2), a ball
socket (2-3), a bent board (2-4), a force sensor (2-5) and a
connection component A (2-6); one end of the ball socket
(2-3) is fixedly connected with the cap (2-2), the steel ball
(2-1) is embedded in the cap (2-2) and the ball socket (2-3),
and a part of the steel ball (2-1) is at the outside of the cap
(2-2); and the other end of the ball socket (2-3) is fixedly
connected with one end of the bent board (2-4), the other end
of the bent board (2-4) is fixedly connected with one end of
the force sensor (2-5), and the other end of the force sensor
(2-5) is fixedly connected with the connection component A
(2-6), wherein the method for detecting static stiffness distri-
bution using the apparatus comprises steps as follows:

firstly, the connection component A (2-6) of the load-ex-

erting component (2) is fixedly connecting with the tool
shank (2-4), wherein the tool shank (4) is tensioned in a
taper hole in an main axle (5), and the main axle is
positioned; the load-receiving test piece (1) is then
mounted on a worktable (3); displacement sensors are
mounted on the main axle (5), a main axle housing (6)
and the worktable (3), respectively; then the load-exert-
ing component (2) and the load-receiving test piece (1)
are moved to a preset first loading position through a
joint movement of multiple axles and a normal of the
load-receiving surface of the load-receiving test piece is
disposed to be consistent with an axis [ ofthe ball socket
(2-3); the load-exerting component 2 applies a simula-
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tion load to the load-receiving point on the load-receiv-
ing surface of the load-receiving test piece (1) through
fine adjustments to a joint movement of the multiple
axles; stiftness under the simulated load at the loading
position can be obtained from the displacement detected
by the displacement sensors and the simulation load
detected by the force sensor (2-5) of the load-exerting
component (2); then the load-exerting component (2)
and the load-receiving test piece (1) are moved to a next

loading position through the joint movement of the mul- 10

tiple axles and a normal of the load-receiving surface of

the load-receiving test piece is adjusted to be consistent
with the axis L. of the ball socket (2-3), so that the
stiffness at the next loading position is detected after
changing the loading position through a multi-axle joint
movement; and the above procedures are repeated so as

to obtain the stiffness at different loading positions to
obtain the stiffness distribution of the turning-milling
composite processing center under the simulation load.

7. A method for detecting static stiffness distribution using

a multi-axle joint shifting loading apparatus, being character-
ized in that when the shifting loading apparatus is used for an
upright processing center or a horizontal processing center to
detect the static stiffness distribution, the shifting loading
apparatus is configured as follows: the apparatus comprises a
load-receiving test piece (1) and a load-exerting component
(2) for simulating loading; the load-receiving test piece (1) is
provided with a load-receiving surface thereon; the load-
exerting component (2) comprises a steel ball (2-1), a cap
(2-2), a ball socket (2-3), a bent board (2-4), a force sensor
(2-5) and a connection component A (2-6); one end of the ball
socket (2-3) is fixedly connected with the cap (2-2), the steel
ball (2-1) is embedded in the cap (2-2) and the ball socket
(2-3), and a part of the steel ball (2-1) is at the outside of the
cap (2-2); and the other end of the ball socket (2-3) is fixedly
connected with one end of the bent board (2-4), the other end
of the bent board (2-4) is fixedly connected with one end of
the force sensor (2-5), and the other end of the force sensor
(2-5) is fixedly connected with the connection component A
(2-6); the connection component A (2-6) is further provided
with a connection component B (2-7); the connection com-
ponent A (2-6) has a cylindrical shape, the connection com-
ponent B (2-7) is composed of a left connection member and
a right connection member; each of the left connection mem-
ber and the right connection member comprises a horizontal
bar (2-7-1) disposed horizontally and a vertical bar (2-7-2)
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disposed on the horizontal bar (2-7-1) and being perpendicu-
lar to the horizontal bar (2-7-1); both the left connection
member and the right connection member are fixed on the
connection component A (2-6), and are formed as a sym-
metrical structure with a central line of the connection com-
ponent A (2-6) as a symmetry line, wherein the method for
detecting static stiffness distribution using the apparatus com-
prises steps as follows:
firstly, the connection component A (2-6) of the load-ex-
erting component (2) is fixedly connecting with the tool
shank (2-4), wherein the tool shank (4) is tensioned in a
taper hole in an main axle (5), and the connection com-
ponent B (2-7) disposed on the connection component A
(2-6) is connected with the a main axle housing (6)
through the vertical bar (2-7-2); the load-receiving test
piece (1) is then mounted on a worktable (3); displace-
ment sensors are mounted on the main axle (5), the main
axle housing (6) and the worktable (3), respectively;
then the load-exerting component (2) and the load-re-
ceiving test piece (1) are moved to a preset first loading
position through a joint movement of multiple axles and
a normal of the load-receiving surface of the load-re-
ceiving test piece is adjusted to be consistent with an axis
L of the ball socket (2-3); the load-exerting component 2
applies a simulation load to the load-receiving point on
the load-receiving surface of the load-receiving test
piece (1) through fine adjustments to a joint movement
of the multiple axles; stiffness under the simulated load
at the loading position can be obtained from the dis-
placement detected by the displacement sensors and the
simulation load detected by the force sensor (2-5) of the
load-exerting component (2); then the load-exerting
component (2) and the load-receiving test piece (1) are
moved to a next loading position through the joint move-
ment of the multiple axles and a normal of the load-
receiving surface of the load-receiving test piece is
adjusted to be consistent with the axis . of the ball
socket (2-3), so that the stiffness at the next loading
position is detected after changing the loading position
through a multi-axle joint movement; and the above
procedures are repeated so as to obtain the stiffness at
different loading positions to obtain the stiffness distri-
bution of the upright processing center or the horizontal
processing center under the simulation load.
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